Regulated degradation of chromosome replication proteins DnaA and CtrA in Caulobacter crescentus.
DnaA protein binds bacterial replication origins and it initiates chromosome replication. The Caulobacter crescentus DnaA also initiates chromosome replication and the C. crescentus response regulator CtrA represses chromosome replication. CtrA proteolysis by ClpXP helps restrict chromosome replication to the dividing cell type. We report that C. crescentus DnaA protein is also selectively targeted for proteolysis but DnaA proteolysis uses a different mechanism. DnaA protein is unstable during both growth and stationary phases. During growth phase, DnaA proteolysis ensures that primarily newly made DnaA protein is present at the start of each replication period. Upon entry into stationary phase, DnaA protein is completely removed while CtrA protein is retained. Cell cycle arrest by sudden carbon or nitrogen starvation is sufficient to increase DnaA proteolysis, and relieving starvation rapidly stabilizes DnaA protein. This starvation-induced proteolysis completely removes DnaA protein even while DnaA synthesis continues. Apparently, C. crescentus relies on proteolysis to adjust DnaA in response to such rapid nutritional changes. Depleting the C. crescentus ClpP protease significantly stabilizes DnaA. However, a dominant-negative clpX allele that blocks CtrA degradation, even when combined with a clpA null allele, did not decrease DnaA degradation. We suggest that either a novel chaperone presents DnaA to ClpP or that ClpX is used with exceptional efficiency so that when ClpX activity is limiting for CtrA degradation it is not limiting for DnaA degradation. This unexpected and finely tuned proteolysis system may be an important adaptation for a developmental bacterium that is often challenged by nutrient-poor environments.